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ABSTRACT 
This t h e s i s comp-^rises of f ive c h a p t e r s . In the f i f s t 
c h a p t e r , a d e t a i l e d and uptoda te l i t e x a t u r e of the subJBct has been 
reviewed. A r a p i d development in nuc l ea r esnergy, hydrometa l lu rgy 
of r a r e e l e m e n t s , water p u r i f i c a t i o n e t c . has enforced to f ind and 
synthes . l re new h i g h l y s e l e c t i v e ion exchange m a t e r i a l s which are 
r e s i s t a n t to c h e m i c a l s , t empera ture changes and r a d i a t i o n . The two-
component i n o r g a n i c ion-exchangers have been much s t u d i e d and the 
ion-exchange c a p a c i t i e s are compara t ive ly low, in most c a s e s , to 
those of t h r e e component. Three component i n o r g a n i c ion-exchangers 
show s u p e r i o r i t y over two-component ino rgan ic ion-exchangers as 
they a re more s e l e c t i v e in n a t u r e . The use of i n o r g a n i c i o n -
exchangers in pha rmaceu t i ca l s u b s t a n c e s , b i o l o g i c a l samples and 
envi ronmenta l p o l l u t a n t s e t c . show t h e i r impor t ance . A number of 
r e s e a r c h papers jdealing with d e t e c t i o n and d e t e r m i n a t i o n of o rgan ic 
f u n c t i p n a l groups have a l so been reviewed-. 
In the second chap te r s o r p t i o n behaviour of carbo=xylic 
a c i d s on zirconium(IV) se lenophosphate have been d e s c r i b e d . 
'^ZirconiumClV) se l enophospha te , has been s y n t h e s i z e d by adding a 
mix ture which i s 0.05M in sodium s e l e n i t e and 0,05M in o r t h o p h o s -
phor ic a c i d to a 0.05M s o l u t i o n of zirconium(IV) b i s ( n i t r a t e ) o x i d e 
a t pH 1 . The ge l so formed was a l lowed to s e t t l e down for 24 hours 
and f i l t e r e d under s u c t i o n . I t was then d r i e d a t 40 for seven 
dr3ys in an oven. To convert it into Ag"*" form, the e)tchanger has 
been kept for 24 hours in O.IM silver nitrate solution. ) 
Soxption capacities for carboxylic acids on zirconium(IV) 
selenophosphate in Ag form have been determined by the-batch 
method, taking a quarter gram of the exchanger material and 50 ml 
aqueous solution containing one of the model carboxylic acids at 
0.4 mmoles concentration in an Erlenmeyer flask. The decreasing 
order of sorption capacities for various acids are as follows: 
Citric acid > propionic acid > malic acid > acetic cicid > benzoic 
acid > msleic acid > a-ketoglutaric acid > oxalic acid > phthallic 
acid >, formic acid > succinic acid > tartaric acid > ascrobic acid > 
sijlfosalicylic acid. The sorption behaviour of some of the 
carboxylic acids has also been studied by the column method. 
In the third chapter chromatographic separation of some 
of the metal ion's on zirconium( IV) selenophosphate has been 
described. A few synthetic binary and ternary mixtures of metal 
ions have been prepared. A known amount of the metal ion was 
loaded on the column and eluted at a flow rate of 1 ml/minute. It 
was recycled through the column at least three times with a 2-3 ml 
distilled water as a wash between the cycles. The constituents of 
effluents imve been identified by standard spot test and the sepa-
rated samples have been analysed quantitatively. Stock solutions 
2+ 2+ 
of different alloys have been prepared Mn and Ni were eluted 
3+ 3+ 
with demineralized water while Cr and Fe have been eluted with 
'"'1 
K ^ 
0.20M HCIO^ and l.OM HCl r e spec t ive ly . Due to i t s high a f f i n i t y 
for Fe and Cr in perchloric acid , zirconium(IV) selenophos-
phate has been t r i e d for the analys is of iron-based a l l o y s . 
Fourth chapter of t h i s thes i s descr ibes a s e l ec t i ve t e s t 
for the microgram detect ion of a l i p h a t i c amines. The amines can be 
regarded as der iva t ives of ammonia in which one or mo-re hydrogen 
atoms have been replaced by the a lkyl groups. A pink v i o l e t colour 
i s produced immediately, when a drop of amine so lu t ion was placed 
on a 1x1 cm Whatman No.l f i l t e r paper impregnated with 2'/. diphenyl-
carbazide prepared in formaldehyde. The r e s u l t s show tha t only 
a l i p h a t i c amines give the colour while a number of organic compounds 
give a negative t e s t . 
The f i f th chapter of t h i s thes i s includes detect ion and 
spectrophotome t r i e determination of mono and d i sacchar ides . Mono 
and disaccharidefe come under the Kftati of carbohydrates . The term 
carbohydrate covers a vast array of chemical substances . A mean-
ingful def in i t ion of the term i s d i f f i c u l t to provide, but i t may 
be s ta ted that carbohydrates are.polyhdroxy compounds containing 
aldehyde or ketone carbonyl group. In th i s chapter ^he detect ion 
of carbohydrates is based on the react ion with l - c h l o r o - 2 , 4 -
dinitrobenzene and sodium carbonate . Place a few drops of carbo-
hydrate solutioTi on a white spot p la te followed by additon of 
l -chloro-2,4-dini txobenzene and sodium carbonate. Heat the mixture, 
an orange yellow colour appears ind ica t ing a post ive t e s t of 
4 
carbohydrates. The carbohydrates giving a post ive t e s t are glucose, 
f ruc tose , rhamnose, l ac tose , ga lac tose , maltose, xylose, mannose and 
arabinose . ) The l imi t s of i den t i f i c a t i on of these carbohydrates are 
determined. Sucrose gave a negative t e s t . Negative t e s t is a lso 
given by the following functional groups amines e t h e r s , a lcohols , 
ac ids , amino acids aldehydes, n i t r i l e ^ amides, phenoles, ketones, 
hydrocarbons and the i r d e r i v a t i v e s . Certain organic compounds 
under given condit ions gave t h e i r c h a r a c t e r i s t i c co lours . 
For the determination of carbohydrates the procedure i s 
as follows: To the d i f fe ren t carbohydrate so lu t ions containing 
milligram amounts of carbohydrates (which follow the Beer 's Law) 
add 0.1 ml of l -chloro-2 ,4-din i t robenzene and 0.1 ml of sodium 
carbonate in a standard volumetric flask (10 ml c a p a c i t y ) . Make 
up the contents of the flask with demineralized water and t rans fe r 
them to the boi l ing tubes. The yellow colour developed a f t e r 
heating on a water bath is allowed to stand a t room temperature 
for 30-40 minutes. The absorbance of the coloured solut ion is 
measured at 350 nm against a blank. The in t e rac t ion of foreign 
substance in the determination of carbohydrates has a lso been 
s tudied and t h e i r l imi ts of tolerance has been presented. The 
detect ion and determination of carbohydrates can not be performed 
in oresence of ce r t a in t r an s i t i on metal ions . 
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CHAPItR - I 
I N T R O D U C T I O N 
JL 
CHAPTER - I 
INTRODUCTION 
Analytical chemistry is the science of chemical identi-
fication of the composition of substances and materials and their 
chemical structure. The main concern of ana)lytical chemistry is to 
develop scientifically substantiated methods that allow the quali-
tative and quantitative evaluation of materials with a certain 
accuracy. According to the means by which an analytical aim can 
be achieved, analytical methods are divided into identification, 
or detection methods (qualitative analysis), methods for measur-
ing the content of an element in a sample (quantitative analysis). 
Identification is always the first step in the analysis 
of an unknown substance and covers the study of its qualitative 
composition according to which the material is placed in a certain 
group of substa-nces. Quantitative analytical methods are used to 
determine the total content of elements, ions or the simplest 
compounds that constitute the product concerned. So many methods 
have been used to obtain and identify the substances in the high 
state of purity. However chromatography plays a very important 
and significant role in solving such problems. Chromatography is 
a simple and efficient modern method of separation of molec^ iles 
and ions. Chroinatography is the name given to a number of related 
techniques. Among all the chromatographic techniques ion exchange 
is the most versatile and widely used for the separation of ions 
2 
of s imi lar p rope r t i e s . The separat ion of the ions having the 
s imi lar proper t ies i s carr ied out because of d i f ferences in the 
s o r b a b i l i t i e s of the ionic spec ies , but the basic p r inc ip le 
remains the same as that of the other chromatographic techniques. 
I t has proved to be an excel lent tool for solving many complicated 
problems in b io log i ca l , organic and inorganic chemistry. 
Ion exchange has an i n t e r e s t i n g h i s t o r y . In 1935 two 
English chemists Adams and Holms (1) crushed phonograph records 
and they found that the material was exhib i t ing ion-exchange 
p r o p e r t i e s . Later on in 1944 D'Alelio (2) syinthesised res ins from 
polys tyrene . These res ins were the fore-runners of cur ren t ly 
ava i l ab le l ine of polystyrene r e s ins which compared to the e a r l i e r 
r e s i n s , possess g rea t ly improved capacity and chemical and mechani-
cal s t a b i l i t i e s . In 1950 the Englis-h a g r i c u l t u r i s t and entrepreneur 
Thompson (3) was the f i r s t to observed and to publ ish de-scrlptions 
of the phenomenop of ion-exchange. He found tha t the ammonium 
sulphate was converted to calcium sulphate . However i t was Way (4) 
who thoroughly explored the phenomenon a-nd demonstrated the under-
lying mechanism to be one of the ion-exchange involving complex 
s i l i c a t e s present in the s o i l . 
Ca-Soil+NH^SO^ > NH^-Soil+CaSO^ 
The commercial production and improvement of synthet ic 
r e s ins soon followed. The fundamental pr inc ip le underlying a l l 
ion-exchange appl ica t ions are based on a few simple facts involv-
ina the exchange r eac t ions . 
o 
1. Equivalence of exchange 
2. Selectivity or affinity preferences of the exchangers for 
one ion relative to another, including cases in which the 
different affinities of the ions axe modified by the use of 
complexing or chelating agents 
3. Donnon exclusion - the ability of the resin to exclude ions 
but not, in general, undissociated substances 
4. Differences in migration rates of absorbed substances down 
a column primarily a reflection of differences in affinity 
5. Ionic mobility restricted to the exchangeable ions and 
counter ions only 
6. Miscellaneous ~ swelling, surface area and other mechanical 
properties. 
Durinig the last two decades the inorganic ion-^exchangers 
have firmly occupied their own position among the ion-exchange 
materials. A rapid development In nuclear energy, hydrometallurgy 
of rare elements, preparation of high purity materials, water 
purification etc., has enforced attempts to find a;nti; syntheslse 
new, highly s-elective ion-exchange materials resistant to chemi-
cals, temperature changes and radiation, and of more convenient 
properties than commercial organic or natural inorganic (soils, 
clay minerals etc.) ion-exchangers. 
Kraus et al. (5,6) at Oak Ridge National Laboratory and 
Amphlett (7,8) in the United Kingdom did the excellent Work on 
these materials at the initial stages. The work upto 1963 has 
been summarized by Amphlett (9) in his book 'Inorganic Ion-
Exchangers'. The later v;ork upto 1970 lias been condensed by 
Pekarek and Vesley (10). Clearfield (11,12), Albert! (13,14), 
Aalton (15-18), Vol'Khim (19) and Gill (20) have also worked on 
different aspects of synthetic inorganic ion-exchangers. In India 
Qureshi and coworkers have prepared a large number of such 
inorganic materials and studied their ion-exchange behavior during 
the last fifteen years, 
A large number of synthetic inorganic substances have 
been described which exhibit ion-exchange properties. These 
materials may be divided into the following main groups^ , 
1, Hydrous oxides 
2, Acidic salts of multivalent metals 
3, Salts of he'teropoly acids 
4, Insoluble ferrocyanides 
D, Synthetic aluminosilicates 
6, Certain other substances, e ,g. , synthetic apatites., sulfides, 
alkaline earth sulfa tes . 
A large number of papers dealing with ion-exchange 
properties of these substances have been published. ' A wide range 
of observations on ion-exchange sorption by hydrous oxides can be 
interpreted on the basis of reversible ion-exchange equi l ib r ia . 
although it is not always clear from the early work whether sorp-
tion involves the bulk of the solid or only the surface. Freshly 
precipitated trivalent metal oxides are very effective in this 
respect, e.g., hydrous ferric oxide and ferric hydroxide readily 
absorb alkaline earth cations according to^the law of mass action 
(21,22), other bivalent cations (23) being absorbed above pH 7, 
A comprehensive study of the preparation o^ hydrous 
tin(IV) oxide ion-exchangers has been made by using 8 systems 
(a) m^[SniOH)^}-H^SO^; (b) Na2[Sn(0H)^}-H2S04 (boiling); 
(c) Na2[Sn(0H)^]-HCl; (d) Na2[Sn(0H)^]-CH3C00H; (e) SnCl^-NaOH; 
(f) SnCl^-NH^ aqueous; (g) SnCl^-NH^ aqueous (boiling) and SnCl^-
prohydrolysis. From a detailed examination of dependency of the 
yield, the ion-exchange behaviour towards Na and Cl~, from the 
above system i.e. from a to g was found similar, if some aging 
effect of boiling is neglected.. The material from (fe) system 
r 
showed 20>< less cation exchange capacity as compared with other 
systems (24), Inoue and coworkers (25) have studied the 
stoichiometry of cation exchange and acid-base properties of 
hydrous tin(IV) oxide, by determining the uptake curves for 
alkali metals ions. Hydrous tin(IV) oxide in Na"*" form has been 
studied for the isotopic excha-nge rate by Inou=e and coworkders 
(26). 
An inorganic ion-exchanger of cryptomer type, i,e,, the 
hydrous manganese dioxide with rather unusual selectivity sequence 
G 
for a l k a l i metals has been described by Tsuji (27 ) . Takenaka and 
co-workers (28) have studied the adso-rption of arsenate ions on 
hydrous titanium(IV) oxide in aqueous so lu t ion . Abe and I to (29) 
have reported tha t the niobiuni(V) oxide exchanger exh ib i t only a 
cat ion exchange property, but other worker^ (30-33) h^ve shown i t s 
2 -
anion exchange property and is se l ec t ive for Cr^O^ , paramolybdate, 
tungs ta te and ferrocyanide. Hydrous Ta^Oc is a cat ion exchanger 
(29,34,35) su i t ab l e for the pu r i f i c a t i on of nuclear r eac to r cooling 
waters a t high temperatures upto 300°C. The hydrous oxides of 
Mo(VI) and W(VI) act as cation (29) or anion exchangers in mixtures 
with basic hydrous oxides (36) , 
A wide range of compounds of acidic sal t 's of mult ivalent 
metals have been described as ion-exchangers. Among the metals 
s tudied have been zirconium(IV), thoTium(IV), t i t a n i u m ( I I I ) , 
cerium(lV), t in( IV), aluminium( I I I ) , iron( I I I ) , chromlum( I I I ) , 
uranium(IV) e t c . , . and the anions employed include phosphate, 
a r s en a t e , antimonate, vanadate, molybd-ate, tungs ta te t e l l u r a t e , 
s i l i c a t e , oxa la te , se l en i t e e t c . These s a l t s , ac t ing mostly as 
cat ion exchangers, are gel l ike or microcrys ta l l ing ma te r i a l s , with 
the composition and proper t ies depending upon the method of prepa-
ra t ion and withstand to possess mostly a high chemical, temperature 
and rad ia t ion s t a b i l i t i e s (9 ,37 ,38) , The ac id ic s a l t s of quadr i -
valent metals have been the most int^enslvely s tudied group of 
synthet ic inorganic ion-exchangers. Most of the wotk to date has 
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been concerned with zirconium phosphate exchangers. The earlier 
studies of zirconium phosphates were mostly concerned with the 
amorphous materials (9,37-39). The recent interest has been 
primarily in the semicrystalline and crystalline forms of zirconium 
phospha te. 
The gelat inous amorphous sorbent was prepared by mixing 
zirconium s a l t solut ion with phosphoric acid a t room temperature. 
According to the preparat ion condi t ions , mater ia ls with P/Zr r a t i o 
of 0 .5 -2 .1 are form.ed (9 ,40-46) , A granular ma te r i a l was prepared 
by freezing the gels up to -22 C (47,4B)-. The preparat ion of 
zirconium phosphate ion-exchanger with reproducible qua l i ty regard-
less of the s t a r t i n g m.aterial has been described by Benderskaya 
(49) . This ion-exchanger has super ior sorption capaci ty for Fe "^  
+2 and Pb ions and having most reproducible s t r u c t u r e . Thermal 
treatment of amorphous mater ia ls with phosphoric acid (60-62) or 
re f luxing them with ^2.5M phosphoric acid (9,11,51-54) leads to 
the formation of semicrys ta l l ine or cxys ta l l ine forms r e spec t ive ly . 
The well developed c r y s t a l l i n e phase of the so-ca l led a-zirconium 
phosphate has been prepared, corresponding to the formula 
Zr(HPO. )p.H20. A p-phase and y-pl^ase corresponding to Zr(HP04)2 
and Zr(HP04)2.2HpO respec t ive ly are prepared by ref luxing the 
so lu t ions of ZrOCl2 with NaH^PO^ in 3M hydrochloric ac id . Drying 
over anhydrous CaSO^ leads to the formation of ^-zirconium phos-
phate , a i r dried products correspond to y-zirconium phosphate (55 ) . 
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Zirconium bis(monohydrogen phosphate) monohydrate has 
been synthesised from homogeneous solution using zirconia fibres. 
It is semigranijlar material and is highly crystalline (56), 
Clearfield and others (57-60) have tried to solve the structure of 
a-zirconium phosphate, Clearfield and Smi"^ h (61,62) have presented 
a three dimensional structure of single crystal Zr(HP0_^)2»H«0. 
Strelko and coworkers (63) have studied the NMR spectra 
of zirconium phosphate in hydrogen and in salt (Li, Na, K, Cs) 
forms. They indicated the differences in the chemical properties 
and the complex distribution of hydroxyl groups in the ion-
exchanger lattice. The following analytical applications have 
be^n achieved on zirconium phosphate exchanger. 
1. Purification of reactor coolants (64) 
2. Decontamination of D2O (65) 
3. Decontaraination of radioactive waste water (66) 
4. Cs from reprocessing solution^ ^67-70) 
5. Pu "*" from irradiated U (71). 
Heteropoly acid salts have also been of interest, A 
number of these compounds have been prepared. In heteropoly acid 
salts the parent acids belong to the class of 12-heteropoly acids 
having the general formula ^^^i2'^/^»'^^2^' where X may be 
phosphorous, arsenic, silicon, germanium and boron, and Y 
aifferent elements such as molybdenum tungsten and vanadium. 
o 
Apart from these heteropoly acid s a l t s , many other 
substances l ike mixed s a l t s have also been synthesized and studied 
in d e t a i l for ion-exchange p rope r t i e s . I t has been found tha t 
mixed s a l t s or three component ion-exchangers possess ioil--exchange 
o roper t i e s differe^nt to simple s a l t s or two component ion-
exchangers. They show supe r io r i t y over simpLe s a l t s mainly in 
three a spec t s . They are more thermally and chemically s±able , 
secondly, they are more se lec t ive in nature (72) and t t i i rd ly the i r 
ion-exchange capac i t i e s are higher (73-75) as compared to two 
component ion-exchangers (76,77) , 
Recently various ion-exchange media have been used for 
separa t ions involving p a r t i t i o n chromatography. This i s p a r t i -
cu l a r ly t rue when the mobile phase contains more than 10;^ methanol. 
At high methanol concent ra t ions , the ionogenic groups of the ion-
exchange packing do not ion ize , and hence the groups and backbone 
act only as a polar bonded phase on which normal p a r t i t i o n 
chromatography can be performed. Although methanol-water and 
methanol-water s:aJ.t mobile phases are used. 
A successful separat ion of sugars has been accomplished 
on a micropar t ic les s trong cation exchanger using an a c e t o n i t r i l e -
water mobile phase (78) . This combination of mobile phase and 
non-ionizing solutes proves tha t ion-exxhange chromatography i s 
not a poss ible mechanism of th i s separa t ion . Similarly-, basic 
druqs are separated on the same type of cat ion exchange column. 
•,:.:!. U 
usinc methanol-water mixture containing varying amounts of 
ammonium dihydrogen phosphate at diffexent pH. The mode in this 
instance is reversed phase chromatography, since the drugs eluted 
more rapidly with greater amounts of methanol in.the mobile phase 
(79). 
The use of various inorganic exchangers still commands 
attention but few have been commercialized, especially in HPLC. 
Among these described are titanium dioxide (80), titanium phosphate 
(81), titanium tungstophosphate (82), titanium selenite (83), 
hydrated stannic oxide (84), collidinium molybdoarsenate (85), 
stannic vanadoarsenate (86) and iron(lll) antimonate (87), 
Mar.y separations reported to be ion-exchange often 
involve mixed mechanisms where other sorption effects contribute 
to chromatographic separation. The use of ion-exchange packings 
for the separation of non-ionic compounds, such as the separation 
of oligosaccharides (88) and lipids (89) on Ag loaded cation 
resin represent an extreme in this phenomenon. The separation of 
r +T 
organic acids on cations in the [H J form represent the ion-
exclusion mechanism based on the repulsion of a completely ionized 
solute from the fixed hydrogen ions in the resin surrounded by the 
Donnan membrane (90,91)« Counter ion effects in ion-exchange 
chromatography were studied by Dieter and Walton (92), Quxeshi 
and Qureshi (93) have presented a review on the application of 
ion-exchance methods. J.S. Fritz and coworkers (94) have described 
n 
a system of cation chromatography in which metal and chromium 
cations are separated on a cation exchange column of low capacity 
and are detected with conductivity detector. Strelow and coworkers 
(95) have develo-ped a method to avoid losses of uranium at the 
interface between different eluting agents 'during anion~exchange 
c hroma to graphy, 
Mitsu Abe (96) has studied the elution behaviour of Li"^  
+2 
and Mg ions with nitric acid solution on crystalline antimonic 
acid as cation exchanger. On the basis of relevant distribution 
coefficients for various metal ions on the resin and crystalline 
antimonic acid, an effective separation of LI from large amount 
of other metal ions can be performed quantitatively on the double 
column which consists of an upper column of 50wx8 and a lower 
Column of crystalline antimonic acid. 
Zirconium arsenophosphate cation exchange column is 
used for auantitative separation of uranium from some metal ions 
which generally Interfere in its spectro-photometric determination 
using sodium dxethyidithiocarbamate as a reagent (97). Zirconium 
titanium phosphate has been prepared and used for separation of 
rare earths and some other fission products from mineral acid 
2+ (98,99). Fe is determined by cation exchange chromatography on 
Zr(IV) arsenophosphate column (100). The ion-exchange behaviour 
of 3n(IV) arsenosilicate and Sn(IV) arsenophosphate cation 
exchangers have been combined in a thin layer chromatographic 
J •1 
study of some metal ions (101). This procedure i s allowed to 
ce r t a in a n a l y t i c a l l y d i f f i c u l t separat ions such as Ca"^  -Sr , 
Ca^^-Ba^"*" and Hg^ '"^  from Cu^^, Ni^"^, Zn^" ,^ Co^ '"^  and Mn^ "^ . The 
chromatography of metal ions on col l idinium teungstoarsenate 
paoers was studied by using seven d i f fe ren t mixed solvent systems 
(102) . 
The d i s t r i b u t i o n of some metal ions on Zr(lV) arseno-
phosphate and Zr(IV) a r s enos i l i c a t e cation exchanger has been 
determined and based on th i s study, the separat ion of A-1 "*" from 
iVig'" was achieved in some synthet ic mixtures (103,104). Varshney 
and co-workers (105) have used Zr(IV) and Sn(IV) arsenophosphate 
ion-exchanoe column for the analys is of ce r ta in a l loys and rocks . 
Some important ana ly t i c a l separation of metal ions from pharma-
ceu t i ca l substances^, b io logica l samples and environmental po l lu-
t a n t s , usinc ion-exchangers have been given in Tab le -1 . 
The detect ion and determination of organic compounds 
containing d i f fe ren t functional groups has been one of the most 
demanding problem. The analysis of organic compounds can be made 
by using e i t h e r instrumental methods, such as I.R. spectroscopy, 
U.V.-vis ib le spectrophotometry and mass spectrometry ei:x:. or by 
non instrumental methods v i z . , spot t e s t via colour r eac t ion . 
Instrumental methods are f a i r l y sens i t ive and speci f ic 
but are less simple and time consuming while non-instrumental 
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methods are simple and inexpensive. Of the non-instxumental method 
of analysis, spot test technique has been found to be most versa-
tile and widely us€d. Spot test technique was extensively used by 
reiql (183). 
Fujiraoto et al. (184) proposed the use of resin spot 
technique to make these tests more elegant. He us^ ed it for the 
detection of inorganic ionic species and a few organic compounds 
of known colour reactions and it was found that sensitivity of the 
colour reaction tremendously increased as compared to liquid phase. 
Later on Qureshi and coworkers applied this technique for the 
detection of organic functional group such as esters, amides, 
imides, anilides, aldehydes, ketones, amino acids, phenols, etc. 
The use of resin beads simplifies the procedure and eliminates 
many possible interferences. The other advantages of this technique 
are as follows: 
1. These tests are simple in nature and require little practical 
skill to perform, 
2. The coloured ionic species gets concentrated on the resin 
surface and thus sensitivity is increased. 
3. The interference by other ions are appreciably minimised and 
render the method more selective. 
4. The colouration is often more stable in the resin phase than 
that in the aqueous phase. Some times the colour in the 
resin phase progressively intensifies on standing. 
18 
Resin spot technique has been widely used for the 
detection of inorganic ions by using colour reac-tions already 
known (185-187), It was then diverted to the detection of organic 
functional groups on a wider range. Few tests have been described 
for the detection of phenols^ aliphatic ahines, primary aromatic 
amines, aldehydes and substituted hydrazines (188-190). All these 
tests are modified form of known colour reactions, Qojreshi et al, 
(191) developed a new colour reaction for the detection of 
diphenylamine on the resin beads. In this test a few milligram 
of the test substance in alcohol and a few resin beads in H form 
are added to a micro test tube. One or two drops of p-dimethyl-
aminobenzaldehyde solution are added. A deep yellow colour is 
obtained at room temperature in the presence of diphenylamine. 
This deep yellow colour changes into gr-een or bluish green on 
heating. This green colour on the beads persists if the diphenyl-
amine concentration is low. Since the colour is adsorbed on the 
resin beads, it is probably a positively charged compound which 
+ 
results from the condensation of i^f.^'^.)2^^2 ^^ '^ '^  p-dimethylamino-
benzaldehyde. However diphenylamine and p-dimethylaminobenzal-
dehyde do not react to give either a yellow or green product.. But 
if hydrochloric acid is added a yellow colour is obtained which 
on heating turns green or bluish green. 
Another novel approach is to combine the acid-hydrolysis 
and catalytic activity of the resin beads in H form as detection 
iB 
medium in resin spot technique. The detection of esters (192) 
offers a nice example of this kind of test. The mechanism of the 
method is simple. Ion-exchangers in H"*" form hydrolyse esters more 
effectively than does an acid (193) and no new ions are introduced 
in the solution... 
CH2-COOC2H^+H20 - ^ > CH3COOH+C2H^OH 
The ion-exchanger is readily removed from the solution 
phase by simple filtration through a glass wool plug. The conse-
auent decrease in pH is then detected with an indicator such as 
methyl red. 
Sucrose inversion (194), e s t e r hydrolysis (195) , benzoin 
condensation (196) can a l l be catalyzed by ion-exchang-eTS in the 
various ionic forms. The use of the so l id ion-exchanger has many 
advantages when compared with dissolved e lec t ro ly tes , -
1, The c a t a l y s t can r e a d i l y be removed from reac t ion products 
by f i l t r a t i o n or by decantation 
2, The pur i ty of the product i s b e t t e r since side r eac t ions are 
minimized. 
3, The ion-exchanger is more selective, i.e. it distinguishes 
more sharply between the various reactant molecules and it 
may be considered to be half way in selectivity between 
dissolved electrolytes and enzymes 
..: J 
4. No new ions are introduced in the reac t ion media except the 
ions which are produced as a r e s u l t of hydrolysis.-. 
The detect ion of amides, imides, an i l ides (197) and 
n i t r i l e s (19'8) are some other reac t ions which involve c a t a l y t i c 
hydrolysis and res in beads as reac t ion media. The hydrolysis of 
amides and imides i s brought about by the H form ca t ion exchange 
r e s in which cata lyses the acid hydrolysis of amides/imides or 
a n i l i d e s to the corresponding acid or airanonia or an i l i ne r e spec t -
ive ly . Ammonia gas and an i l ine pick-up one proton from r e s i n in 
H"*" form and they are converted to NHt a=nd C^HCNHI, 
XCONHo+HOH RH' 
C\ RH 
^ / N K + 2H0H— i 
II 
> XCOOH+NH3 
OOH 
+ NH. 
XCONHC^H^+HOH RH' -> XC00H+C^H5NH2 
C^H^NH2+H0H -> RC.H^NH' 6"5""3 
/==\ -H2O 
RC^H^NH3+OCH-4^ V N ( C H 3 ) 2 
RC^H^NH7=CH^ V N(CH^)^ <i. 
'3^ 2 
(Pale yellow resin beads X-alkyl or aryl group) 
• ^ i 
Ammonia and aniline react with proton from the acids 
produced or from the resin in H form and are thus converted into 
NH^ ion and Cg^H^NH^. These ions easily replace H ions from the 
resin and are detected on the bead surface by means of Nessier's 
reagent or p-dimethylamino -benzaldehyde. ^  
Nitriles however are immuned to hydrolysis by ion-
exchange resin alone. The hydrolysis Is possible in the presence 
of dilute sulfuric acid. The hydrolysis of nitriles by this 
method is advantageous in the sense that it is not only selective 
but can also differentiate nitriles from unsubstituted amides, 
thus the interference by amides with the test can be avoided. 
T e s t - 1 
d i l . H^SO. 
XCN+HOH — — ^ XGONHo 
heat ^ 
(X= alkyl or aryl group) 
RH' 
-> XCOOH+NH, 
XCOOH+NH, -» XCOONH, 
RH"'+Xa)ONH, •» RNH4+XCOOH 
Positive test with Nessler's reagent 
Test-2 
XCN+HOH ^ > Hydrolysis does,not take place negative 
^'^^^ test with Nessler's reagent 
'1 ''t 
Qureshi et a l . (199 ) extended the use of the ion-
exchange res ins as a ca t a ly s t and as a react ion medium simulta-
neously for the determination of amides and e s t e r s . The hydrolysis 
of amides and e s t e r s i s achieved by using ion-exchange res in in 
H form. The ion-exchange res in acts both as a c a t a l y s t for 
hydrolysis and ion-exchanger to re lease an equivalent amount of 
the acid . The amide or e s t e r solut ion passed through a column of 
Amberlite I .R.-120 res in in the H"*" form a t a low ra t e of 2 ml/min. 
The co.lumn is maintained at a constant temperature of 80^C. The 
ef f luent i s recycled three times and i s f i na l l y t i t r a t e d with 
0.05N sodium hydroxide so lu t ion . The amount of the amide or e s t e r 
present can be ca lcula ted from the corresponding acid produced. 
A number of t e s t s have been described for the detect ion 
and determination of aldehydes, Azulene has been proposed as a new 
Colour reagent for the detect ion of aromatic aldehydes, furfural 
de r iva t ives and isugars (200). Less than 2 ^g of sal icylaldehyde 
can be detected if a drop of 70"/ HCIO. or H^SO. i s added. A yellow 
Colour is immediately obtained and a f te r 30 seconds the meniscus 
turns rea . Sal icylaldehyde, mesi tyl oxide and a l l y l alcohol 
i n t e r f e r e . However, a l l y l alcohol and mesityl oxide reduce 
ammonium molybdate, and give a blue colour, while, sal icylaldehyde 
does not (201) . Al ipha t ic , aromatic and terpenoid aldehydes have 
been detected in the presence of ketones by converting them into 
hydrazones of 2-hydrazinobenzothiazole. These hydrozones a f te r 
c' f . 
chromatooraphy on s i l i c a gel give ctiaxcircteristic colours with 
0 . 1 / p-nitrobenzenediazoniumfluoroborate (202) . Aldehydes have 
been detected in fa ts by adding one drop of sulphuric acid and 
10 ml of acetone, a red colour i s produced (203). A new colour 
r e a c t i o n has been obtained by adding a so lu t ion of aldehydes in 
formic acid into 1 ml of 2.5/< so lu t ion of N,N-diaminodiphenyl 
e ther in formic ac id . Cha rac t e r i s t i c colours have be«:n given by 
most a l i p h a t i c and aromatic aldehydes but i f the so lu t ions are 
made in hydrochloric ac id , ace t ic acid and su l fur ic acid no colour 
i s obtained (204). The method has a lso been used for the quan t i -
t a t ive determination of aldehyde (205) , Al iphat ic aldehydes 
produce an intense blue colour when equal volume of formic acid 
or acetaldehyde or oxygenated water and 50>< ace t i c acid sa tura ted 
with benzadine are mixed (206). A general t e s t for carbonyl 
compounds has been proposed by Asake e t a l . (207) . Billman (208) 
used molybdosalicyclic acid and i t s sodium s a l t for the de tec t ion 
I 
of aldehydes and cycl ic ketones containing a t l e a s t cne a-hydrogen 
=?tomo However, a few carbonyl compounds which are ne i the r 
aldehydic nor cycl ic ketones but contarn a-hydrogen atom gave a 
pos i t ive t e s t . Other common t e s t s (209-211) have a lso been 
described for the de tec t ion of a l i p h a t i c and cycl ic aldehyde. 
A fluorescence method has been developed for the d e t e r -
mination of aromatic aldehydes (212) . This involves the conver-
sion of the aldehyde to a naphthothiazole by r eac t ion with 
2^. 
2 , 2 ' - d i t h i o b i s ( 1-amlnonaphthaleine). CaTbonyl compounds p r e s e n t i n 
nanogram l e v e l can be determined by d e r i v a t i z a t i o n wi th 2 , 4 - d i n i t -
ropheny lhydraz ine (213) fol lowed by h igh performance l i q u i d 
chromatography, Qureshi (214) has developed ion-exchange method 
for the d e t e c t i o n of a l i p h a t i c and a romat ic a l d e h y d e s . I n t h i s 
r e a c t i o n cyanohydrine i s formed by mixing and h e a t i n g aqueous 
s o l u t i o n of aldehydes wi th s a t u r a t e d NaCN c o n t a i n i n g s l i g h t excess 
of s u l f u r i c ac id and c a t i o n exchange r e s i n . This r e s i n i n H"^  form 
c a t a l y z e s the h y d r o l y s i s of the cyanohydr ines to c a r b o x y l i c ac id 
and ammonium io^ns. The ammonium ions a r e r e t a i n e d by the r e s i n 
and a re l a t e r d e t e c t e d by the N e s s l e r ' s r e a g e n t . T h e r e a c t i o n 
proceeds as fo l lows : 
R.CHO+CN" 
0 
I 
R-CHC:N+H20 
0 
-^  R.CHCN 
-» RCH(OH)CN+OH" 
( i ) 
( i i ) 
HCH( 0H)CN+H20+ResH"^ -> R.CH(OH)COOH+ResNHl' ( i i i ) 
ResTxIHt+Nessler's reagent > Red coloured beads, 
Fujiraoto (215) has described a very s ens i t i ve t e s t for 
the de tec t ion of f luoride using ion-exchange beads, Bolton (216) 
has described a very sens i t ive t e s t for the de tec t ion of N, S, P 
and halogens. The elements CI, Br, F, N, P, S and Si have been 
detected af ter decomposition of the orga-nic samples with sodium, 
:i5 
lead a l loy (217). There is s t i l l need to have more convenient 
methods for the microgram detec t ion of n i t rogen, sulphur , and 
ind iv idua l halogens. Hence the use of r e s i n spot t e s t has been 
cons tan t ly explored by Qureshi. A t e s t has been successfu l ly 
appl ied for simultaneous microgram de tec t idn of N, S, CI and I in 
the given organic mixture (218) . 
The study on organic funct ional groups ana lys i s has been 
reviewed by Cheronis (219) and Weiss (220) in the i r famous book. 
Recently Smith and Pat te rson h3ve also reviewed the work in th i s 
area (221) . Ma and Gutter son have r^ e viewed the work on elemental 
ana lys is of organic compounds mainly In microgram q u a n t i t i e s (222). 
Spectrophotometric determination of organic compounds 
has received much a t t e n t i o n espec ia l ly in t race a n a l y s i s , A large 
number of spectrophotometric methods fox the determination of many 
substances tha t ^jroduce a pa r t i cu l a r colour on r eac t i on are a v a i l -
ab le . Very few reac t ions are speci f ic but a large number of 
r e ac t i ons are se lec t ive or can be made se lec t ive by the proper 
adjustment of su i t ab le conditions and hence can be appl ied fox the 
determinat ion of organic compounds. 
Amines and a lky l der iva t ives of ammonia exh ib i t a lka l ine 
r eac t ion in many so lven t s . Therefore In the past yeaxs amines 
have mainly been determined by acid—base t i t r a t i o n s In aqueous and 
non-aqueous so lu t i ons . Some color imetr ic methods are ava i lab le in 
28 
the l i t e r a t u r e for the determination of amino compounds (223-226). 
Copper sulphate has been used for the determination of e thylene-
diamine (227). Colorimetric determination of small amounts of 
aromatic amines by d iazot iza t ion was reported by Kuritsyn et a l . 
(228) . A photometric method for the d-eterrtination of small amounts 
of an i l i ne has been described (229) . 
The detec t ion and determination of i n d u s t r i a l wastes, 
containing phenols and the i r de r iva t ives occupies an important 
place in ana ly t i c a l chemistry. Therefore a s ens i t i ve and rapid 
method for microgram detect ion and determination is needed. 
Phenolic compounds have been detected by colour formation with 
ch loro- to lu id ine (230). Phenols are determined spectrophoto-
met r i ca l ly with 4-aminoantipyrine in the presence of pctassdum 
ferr icyanide used as an oxidizing agent (231-233). A few methods 
sre ava i lab le for the se lec t ive determination of a-naphthol in 
the presence of p-naphthol. Sodium cuprobromide has been used as 
colouring reagent for the color imetr ic determination of a-naphthol 
in the presence of g-naphthol on micros.cale (234) . Bluish v i o l e t 
colour is formed which is s table for five minutes a f t e r addit ion 
of the reaoent . Another colour reac t ion of nhenolic compounds i s 
obtained by the in te rac t ion of wavele t ' s phosphomolybdic acid 
reagent (235). Phenol, pyrocatechol, resorc inol and hydroquinone 
give colours with maximum absorption a t wavelength 700 nm. 
'^'y 
Many plant products are known to contain d i - and t r i -
hydroxyphenols in major quant i ty and t h e i r ident i f ica t io-n i s 
important . Most phenols are known to give colour r e a c t i o n with many 
organic and inorganic reagents and severa l spectrophoi?ometric and 
co lo r imet r i c methods for the determlnatiio-n'of simple and O-s-ubsti-
tuted phenols have been developed (236-239). A spectrophotometrie 
determinat ion of phenols with 3-methyl 1,2-benzothiazolinone 
hydrazone and cerium ammonium su l fa te (240) has been s tud ied . In 
the presence of d i l u t e n i t r i c ac id^d i - and trihydroxyphenols r eac t 
with potassium iodate to give a yellow colour . This colour has 
been developed for the spectrophotometric determinat ion of pyro-
ca techol , r e s o r c i n o l , phloroglucinol (24I.,-242). Ethylenediamine-
t e t r a a c e t i c acid has been in recent years , found wide app l i ca t ion 
in a n a l y t i c a l chems t ry and medical sc iences . The quan t i t a t i ve 
determination of t h i s compound i s of considerable i n t e r e s t to the 
a n a l y t i c a l chemist, A l imited number of toethods for the determi-
nation of ethylenediamine t e t r a a c e t i c acid have been repor ted 
(243-245). Qureshl and Bansal (246) have developed ibn-exchange 
method for the de tec t ion and determination of ethylenediamine 
t e t r a a c e t i c acid in human u r ine . A red colour i s obtained when a 
sample of u r ine , under given condi t ions , i s t rea ted with a so lu-
tion of 4-aminoa-ntipyrene. 
Amines are important organic substances with a basic 
n i t rocen atom which can donate a lone pair of e l e c t r o n s . Amines 
'A 8 
are found tc give i n t e r e s t i n g colours with polyni t ro aromatics and 
also r eac t i ons of b io log ica l importance (247„248), A survey of 
l i t e r a t u r e shows tha t numerous methods have been used for c o l o r i -
metric de tec t ion and determination of amines. Fluorometric assay 
of primary amines i s described by Undenfri^nd (249), where a 
primary amine compound i s combined with ninhydrin and an a ry l 
a lkyl aldehyde preferably phenylacetaidehyde, and heated to produce 
a f luorescent substance "which i s detected by standard fluorometric 
techniques, Qureshi and Khan (250) used p-dimethylamino-cinnamal-
dehyde for the de tec t ion of primary, secondary and t e r t i a r y 
aromatic amines. Umbreit (251) proposed a color imetr ie method for 
the determination of secondary amine. 
Aliphat ic amines are c l a s s i f i e d by the i r r e a c t i o n with 
3, 3 ' , 5 , 5'-tetrabro^mophenolphthalein e thyl e s t e r (Bromoph-thalein 
magenta E) . A drop of amine is added to 1.5x10 M so lu t ion of 
bromophthalein magenta E in CCl.. The primary amines give a purple 
colour , secondary amines, a blue colour and t e r t i a r y amine red 
colour (252) . Conditions are establisheci for the de tec t ion of high 
molecular weight amines in the ppm concentrat ion range . A simple 
double ana lys is procedure i s developed where by primary a,nd 
secondary amines could not be d i f f e r e n t i a t e d . The i e s t i s designed 
to de tec t the concentrat ion of ace ta ldecyl and dioctadecyl amine 
in aqueous so lu t ion (253). 
O Q 
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Ravvat and Singh (254) have described a s=ejnsitive method 
for spectrophotometric determination of amines. Using f e r r i c 
n i t r a t e , ace tyl chloride and buffer of pH 5.5, they found a green-
ish v io l e t colour . Intense colours are formed immediately with 
primary, secondary, t e r t i a r y aromatic ffmin^s using diacetoxy 
iodobenzene (255) . Larrick (256) has used a combination reagent 
for the spectrophotometrie determination of f a t t y amines in 
aqueous so lu t ion . The combination reagent i s having the mixture 
of methyl orange, sodium ace t a t e , potassium chlor ide and ace t ic 
ac id . Spectrophotome t r i e microgram estimation of some plant amines 
has been described by Richardson (257). The amines are ext rac ted 
f i r s t and then separated by ion-exchange chromatography. The sepa-
ra ted amines are t rea ted with 1-fluoro-2.,4-dinitrobenz€neo The 
r e s u l t i n g 2 ,4-din i t rophenyl amines are extracted by some organic 
solvent and ca l i b r a t i on is p lo t t ed . 
Carbohydrates are polyhydroxy compounds containing 
aldehyde or ketone carbonyl group. Several methods have been 
described for t he i r detect ion and determination, Qureshi e t a l . 
(258) have used cap i l l a ry sol id s t a t e spot t e s t for some aldehydes 
and sugars with diphenyl ammonium ch lo r ide . 2 ,2 ' -Bicinchonate (259) 
reagent has been used for the detec t ion of reducing sugars . Using 
th i s reaoent the detect ion of sugars can be done in the presence 
of borate ion. 
Sodium, potassium t a r t a r a t e (260) added basic te t razol ium 
blue is used as a reagent for the detect ion of reducing sugars . By 
t h i s method s e n s i t i v i t y i s increased and reac t ion time i s decreased, 
This modified reagent can de tec t as l i t t l e as 1 n mole of neut ra l as 
well as 2-amino and N-acetylamino sugars . Ruppolt (261) has used 
2,6-dichlorophenolidophenol as a reagent for the de tec t ion of 
reducing sugars . I t produces various colours with sugar so lu t ions 
according to the nature of the reducing sugar. Glucose, fructose 
e t c . give a blue colour but ketose so lu t ions turn co lour less on 
warm inc . 
Szymczak (262) has used l'/» 2 , 3 ,5 - t r i pheny lch lo r ide so lu-
t ion for the determination of reducing sugars in an a lka l i ne medium 
at an increased temperature. Measurements have been done a t 480 nm. 
The method i s su i tab le for the de tec t ion of reducing sugars in 
presence of l a c t i c ac id . 1, 5-Dihydroxy-4, S-dinitroanthr-aquinane, 
2 ,6-disulphonic acid i s reduced by sugars such as glucose and 
fructose in G.15N sodium hydroxide a t 70-lOO°C. The maximum 
absorbance i s obtained a t 620 nm (263) . Bubicz (264) has d e t e r -
mined reducing sugars in cereals a f te r ex t rac t ing ground sample 
with bo i l ing water. After tha t t h i s i s mixed with copper su l fa te 
and sodium hydroxide. Copper concentrat ion in the f i l t r a t e i s 
measured spectrophotometr ical ly a t 574 nm followed by ca lcu la t ion 
of amount of reducing sugars from an equat ion. An automated 
method using p-hydroxybenzoic acid hydrazide and 2 - t h i o b a r b i t u r i c 
acid for the determination of t o t a l .reducing sugar has been 
described by Tawflk e t a l . (265), using an automated analyzer . 
c 
:ii 
A spectrophotometrie method based on the r e a c t i o n with 
a lcohol ic p-aminobenzoic acid solut ion for determining free reduc-
ing sugar in surface water has been used to determine c e r t a i n 
sugars by condensation a t 70-75° for 60 minutes in the presence of 
l a c i a l ace t ic ac id . The ca l i b r a t i on grapf) for the determination 
of aldoses i s sharply divided into mono- and disacchar ides (266) . 
A method for est imating reducing sugars glucose, xylose , maltose, 
involves addi t ion of 0.5-ml ammonia to 1-2 mg sugar followed by 
addi t ion of standard copper solut ion and 2 ml of oxalyldihydrazide 
so lu t ion and the volume i s made upto the mark. After heating for 
15 minutes, the colour i n t e n s i t y of the complex i s measured a t 
410 nm and Beer 's law i s obeyed for 0.2-^2.0 mg of sugar (267) . 
Singh e t a l . have described the k ine t i c s and mechanism of oxidat ion 
f c e r t a i n sugars by aqueous s i l ve r so lu t ion in the presence of 
ammonium hydroxide. The oxidation of the sugars showed tha t the 
r e a c t i o n r a t e i s ' independent of s i l ve r ion conce-ntration and 
d i r e c t l y proport ional to the reducing sugar concentrat ion and 
inverse ly proport ional to the square of the ammonium hydroxide 
concentra t ion (268) . 
Certain other technioues such as paper chromatography, 
thin layer chromatography, ion-exchange chromatography and high 
performance l iquid chromatography have also found t h e i r importance 
for the de tec t ion and determinatioTi of organic compounds. 
o 
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R. values and colours with naphthoresorcinol are tabula-
ted in the l i t e r a t u r e for eighteen sugars with nine d i f f e r en t 
solvents on ce l lu lose MN-300, boric acijd ifflpregnated s i l i c a gel 
chromatographic p l a t e s . Separation of the mixture of l ac tose and 
sucrose i s achieved (269) . Cerbulis (270) has used p-an i s id ine 
i 
phosphoric acid as a reagent for the de tec t ion of sugar de r iva -
t ives and halogen compounds. Thin layer chromatograms are 
developed and sprayed with the reagent and heated for 10 minutes 
a t 110-120°. Various compounds with t he i r c h a r a c t e r i s t i c colour 
spots with p-anis id ine phosphoric acid reagent are l i s t e d . 
N-( 1-Nephthyl) ethylenediamine-2-hydrochloric acid dissolved in 
su l fu r i c acid and su lphosa l i cy l i c acid (271-273) has been used as 
reagent for the de tec t ion of sugars on th in layer chromatographic 
p l a t e . In another method, s i l i c a gel p la tes have been developed 
for two hours. The developed chromatograms are s ta ined with 
ammonical silver^ n i t r a t e (274) . The concentra t ions are estimated 
from the spot chains.. The method i s su i t ab l e for the de tec t ion of 
0 . 1 \xQ of sugar. Separation of sugars has been done by ion-
exchange methods (275,276) and the i r de tec t ions a re performed by 
d i f f e r e n t methods. 
Davies e t a l . (277) has described a system for the ion-
exchange chromatography of reducing sugars in nuet ra l borate 
buffers by using su l f a t e ion as couhter ion . The e lu ted sugars 
are detected by using p-hydroxybenzoic acid hydrazide. Rocca (278) 
.}<'> 
has used high speed l iqu id chromatographic columns for the fas t 
separat ion of sugars . Elution takes place by solvent and is 
detected by a ref rectometer , Gyon e t a l . (279) have described the 
separat ion of sugars by column packed with copper s i l i c a ge l , by 
using water-methylcyanide containing amTnonia, The cha-nge of the 
capaci ty factor as function of the water and ammonia contents of 
mobile phase has been s tud ied . 
4-Ethyl resorc inol (280) i s found to be a very sens i t i ve 
colour developing reagent for the de tec t ion of ke toses . Chemilu-
miniscence (281) reac t ion of lucigenin with various b io log ica l 
compounds have been examined by a flow in j ec t i on method. Chemilu-
miniscence from reducing sugars and r e l a t e d compounds i s enhanced 
loo fold when incubated with NalO^ (sodium per iodate) pr ior to the 
r eac t i on with luc igenin . The standard curve of glucose i s found 
l inear over the range 500-700 p moles. Detection l i m i t s of 
glucose with and without sodium periodate are 50 p mole and 
50 n mole r e spec t ive ly . The separat ion (282) of mono, d i - and 
t r i s accha r ide s on a cat ion exchange 6'/, cross linked r e s i n in Ag 
form (HPX-65A) is descr ibed. 
:i 
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CHAPTER - II 
SORHIUN BtHAVIOUH OF SOMh CARBOXYLIC 
ACIDS ON ZIRCONIUM (IV) SELENOPHOSPHATE 
Chapter - II 
INTRODUCTION 
The increasing concern with water quality protection has 
resulted in the development of new analytical methods for poten-
tially hazardous water pollutants (1). Various organic pollutants 
exist at relatively low concentrations In water. All of these 
organic oollutants are concentrated before the qualitative and 
ouantitative analysis. A class of compounds which has been largely 
overlooked in the development of analytical methods for water 
Quality is the low molecular weight carboxylic acids. While these 
compounds are generally considered to interfere in the analysis of 
water samples. The clean-up of waste containing thes€ constituents 
requires expensive operation, such as wet-air oxidation (2). With-
out such clean-up a high level of dissolved organic carbon may 
result in permit violation. In addition, the presence of these 
compounds may act to increase the water solubility of the non-polar 
oollutants, resulting in higher discharge levels of increased 
environmental mobility (3). These compounds have shown to have 
biolooical activity either by acting as a carbon source for micro-
bial grov.'th, or by exhibiting toxicity (4). The probability of 
finding these compounds in certain aqueous systems is high (3,5). 
For the ournose of concentration of low level of organic pollu-
tants, some commercially available porous polymer sorbents like 
Amberlite XAD (6,7), Tenax GC (6), Separon (8) and Hitachi gel 
(9) have been widely used. The sorption behaviour of aromatic 
compounds in water on p-cyclodextrin polyurethane resins have been 
studied (10) and it is found suitable for the qualitative collec-
tion of aromatic compounds at low concentrations. 
In this chapter, we describe the sorption behaviour of 
organic acids on zirconium(IV) selenophosphate ion-exchanger. The 
column of zirconium(IV) selenophate has been used .as a sorbent to 
concentrate some organic acids in artifically prepared water 
samples. 
r)^^ 
EXPERIMENTAL 
deagents 
Zirconium(lV) b i s ( n i t r a t e ) oxide (B .D.H. ) , sodium 
s e l e n i t e (B.D.H.) and orthophosphoric ac id ' (B .D.H. ) were used for 
the s y n t n e s i s of ion-exchange mater ia l . A l l other chemicals and 
r e a g e n t s were o-f a n a l y t i c a l grade. 
Aooaratus 
An El ico model Li-10 pH meter was used for pH-measure-
ments and ? Bausch and Lomb SDectronic-20 colorimeter was used 
for co lor imetr i c s t u d i e s . 
Synthes is 
The ion-exchanger was synthesised by the following 
method (11). 
Sa.Tiple of zirconium( IV) selenophosphate ion-exchanger 
was synthesized by adding an aqueous solution which was 0,05M in 
sodium selenite and OoOSM in orthophosphoric acid to an aqueous 
solution of zirconium(IV) bis(nitrate) oxide at pH 1. The gel so 
formed was allowed to settle down for 24 hours, washed several 
times with demineralized water to remove excess reagents and 
finally filtered under suction. It was then dried at 40 C for 
fiT 
seven days in an oven. The dried material was then treated with 
demineralized water, which resulted in cracking of the substance 
into smaller particles with slight evolution of heat. To convert 
the sample into H form the material was kept for 24 hours in 
IcOM HNO^ solution. It was then washed with demineralized water 
to remove excess acid. To convert it into Ag form, the exchanger 
was kept for 24 hours in O.IM silver nitrate solution. It was then 
washed away with demineralized water to remove excess of silver 
nitrate . 
procedure 
Sorotion caoacities of ziconium(lV) selenophosphate 
exchanoer in Ag form were determined by the batch method. A 
0.250 am of the exchange material and 50 ml aaueous solution 
containinc one of the model organic acids at 0.4 m moles concen-
trations in an Elenmeyer flask was kept for 24 hours. The exchanger 
material was then removed by filtration. The concentration of the 
-'cids in the filtrate was determined spectrophotometrically using 
sodium mrtavanadate as a colourina reaoent (12). Acids such as 
a-ketoglutaric acid, sulfosalicylic acid, salicylic acid and 
ascorbic acid were determined by using dinitrophenylhydrazine, 
ferric chloride and silicomolybdic acid respectively (13,14). From 
this value the sorption capacity (m mole g exchanger) was calcu-
lated. 
fiS 
The column experiments were carried out on a 0.6 cm 
(i,d) glass column using 2.0 gm exchanger, zirconium(IV) seleno-
ohosohate (50-103 mesh) in Ag form. The samples were allowed to 
oass through th- column at a flow rate of 1 ml min 
50 
RESULTS AND DISCUSSION 
The.sorption capacity of zirconium(IV) selenophosphate 
in Ag form for the organic acids in batch system are shown in 
Table 2. The results of these studies suggest that citric acid 
is strongly sorbed while salicylic acid is not being sorbed at all. 
The decreasing order of sorption capacities for various acids are 
as follows. 
Citric acid > propionic acid > malic acid > acetic acid > 
benzoic acid > maleic acid > a-ketoglutaric acid > oxalic acid > 
phthalic acid > formic acid > succinic acid > tartaric acid > 
ascorbic acid > sulfosalicylic acid. 
The sorption capacity for benzoic acid on zirconium(IV) 
selenophosohate in Ag form is also higher than those on Amberlite 
XAD-2 and Amberlite XAD-7 (10). 
Aqueous solutions of the acids (concentration 0.01 and 
0.05 m moles) were passed through the column of zirconium(IV) 
selenophosphate in Ag form at a flow rate of 1 ml min . The 
effluent was collected and the concentration of the acid was 
determined spectrophotometrically. The per cent uptake of organic 
acid by zirconium(IV) selenophosphate in Ag form was determined 
and the result is shown in Table 3. The exchanger in Ag form 
shows a quantitative sorption of citric acid, propionic acid, 
tJ 'J 
Table 2: Sorption capacities for carboxylic acids on zirconium(lV) 
selenophosphate in Ag form at 25+2 C« 
Carboxylic acids Sorption capacities 
10 m mo-
exchanoer 
1 ^ -2 , -1 
ole a 
Formic acid 
Acetic acid 
Citric acid 
Propionic acid 
Ma lie acid 
Maleic acid 
Phthalic acid 
Succinic acid 
Oxalic acid 
Tartaric acid 
Salicylic acid 
Sulfosalicylic acid 
Benzoic acid 
Ascorbic acid 
a-K.etoolutaric acid 
8.2 
11.8 
14.0 
12„2 
llo9 
10.8 
8.6 
7,9 
8.7 
7.2 
0.0 
2.8 
11.2 
6.8 
9.1 
a,' Concentration of acids taken= 0.4 m mole each 
()1 
Table 3; Sorption studies of some carboxylic acids on Zr{lV) 
selenophosphate by column method. 
Carboxylic acids 
Citric acid 
Propionic acid 
Benzoic acid 
Phthalic acid 
Malic acid 
Maleic acid 
Succinic acid 
Concentration of acii 
(m moles) 
\ 
0.01 
0.05 
0.01 
0.05 
0.01 
0.-05 
0.01 
0.05 
0.01 
0.05 
0.01 
0-.05 
0.01 
0.05 
ds Per cent 
up-take 
of acids 
100 
100 
100 
100 
90 
81 
100 
69 
100 
100 
100 
100 
90 
84 
malic acid and maleic acid at low concentration levels. However, 
the oer cent uptake of benzoic acid, phthalic acid and succinic 
acid decreases as the concentration of these solute increases. 
(>:: 
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CHAPTER - III 
CHRO^ 'lATOGRAPHIC SEPARATION OF METAL ION 
ON ZIRCONIUM!IV)SELENOPHOSPHATE 
Chapter - I I I 
INTaODUCTION 
S y n t h e t i c inorgan ic ion exchangers have a t t r a c t e d a t t e n -
t i o n Decause of t h e i r v e r s a t i l i t y in s e p a r a t i o n s c i ence and in 
many o the r d i v e r s e f i e l d s . They are a l s o more s e l e c t i v e for a 
c e r t a i n metal i o n s . Zirconium(IV) a r s e n o s i l i c a t e ( 1 ) , t i n ( I V ) 
s e l e n o a r s e n a t e (2) and thorium(IV) p h o s p h o s i l i c a t e (3) have shown 
s e l e c t i v i t y towards mercury i o n . While t i n ( I V ) boratomolybdate (4 ) 
4+ 4+ 
shows a good a f f i n i t y towards Zr and Th i o n s . Qureshi <=+ ^ l . 
(o) have used chrcmium(IIT; molybdate columns for the s e p a r a t i o n 
2+ 
c ?'o from numerous metal i o n s . Titanium s e l e n i t e has been used 
bv Qures"'^'! <^^ ^K (^.) for a l a rge number of s e p a r a t i o n s . They 
, , ^,2+ , -7 2+ «,.2+ ^ 2 + ., 2+ ^ 2+ ,, 2+ AI3+ 
senarated ^d from Zn , Ni , Co , Mn , Ca , Mg or Al 
2+ 
Tney h^ve a l s o used t i t a n i u m s e l e n i t e for the s e p a r a t i o n of Fe , 
from Al^"^, Co^^, Ni^"^, Mn^ "^  and Cu^"^, Mg^ "*" from Ca "^*", Ca^"^ from 
Sr^"^, Sr^"^ from Ba^ "*", 002*^ from Th^"^ and VO^^, Ce"*"*" from Y"^ "^ , La^'*', 
from Sc^^, Cu^^ from Ni^^ and Co^"^, Ga^ "*" from Zn^ "*" and Al^"*". 
Hydrate iant imony pentaoxide has been used by Puschel and 
Lima (7) for the s e p a r a t i o n of sodium from t a n t a l u m . Ti tanium 
t u n o s t a t e (8) has been used for q u a n t i t a t i v e s e p a r a t i o n of Hg from 
Cd, ?i) from Cu and Zn mix tu re s , while t i t a n i u m a r s e n a t e has been 
used for the s e p a r a t i o n of La from Ba, In the d e t e r m i n a t i o n of 
Dismijth, Chelax-100 (9) has been s u c c e s s f u l l y employed for r educ ing 
t'x- c o n c e n t r a t i o n of matr ix and i n t e r f e r i n a e lements from s u l f i d e 
:,)vJ 
ores and concentrates and for separat ion of the matrix elements 
from bismuth in the analysis of h igh-pur i ty copper, s i l v e r and 
silver-cadmium a l l o v s . 
ihe present work descr ibes the appl ica t ion of zirconium-
ilV) seienophosphate as ion exchanger. 
G:^ 
EXPERI CENTAL 
Reaaents 
Zirconium(IV) b i s ( n i t r a t e ) oxide (B.D.H.) and ortho-
o'ncsphoric pcid (3 .D.H. ) were used for the synthes i s of the ion 
exchanger . A l l chemicals were of a n a l y t i c a l grade. 
S y n t h e s i s 
The method of synthes i s of zirconium(IV) selenophosphate 
h'>s been r e o o r t e d in chap te r I I . 
Determina t ion of ion-exchange capac i ty 
A Oo50 gram of the exchanger in H form was taken into 
the column supported by the g las s wool plug. One molar s o l u t i o n s 
of sodium chloride and potassium chloride were passed separate ly 
through the column and the l ibera ted H ions were determined. The 
ion-exchange c a p a c i t i e s for sodium chloride and potassium chlor ide 
were found to be 1.23 meq/gm and 1.51 meq/gm r e s p e c t i v e l y . 
D i s t r i b u t i o n s tud ies 
The Kd values of a number of metal ions were determined 
-4 
oy t ak ing a 25 .0 ml of 2.0x10 M of the i r s o l u t i o n s and e q u i l i b -
() 
r-tiriG by in t e rmi t t en t shaking for twenty four hours. Nickel, 
uranium and chromium were determined co lo r ime t r i ca l ly (10) and 
other metal ions by EDTA t i t r a t i o n before and a f t e r the equi l ib-
r a t ion (11) . The K, values were calcula ted according to the 
formula. 
m i l l i moles of metal species/gram of exchanger 
K. = 
m i l l i moles of metal species/ml of the t o t a l 
volume of the r e s u l t a n t so lu t ion 
The r e s u l t s obtained are summarized in Table-4. 
Separa t ions 
A few synthet ic binary and ternary mixtures were prepa-
red by mixing so lu t ions of the metal ions . For column operat ion, 
Z grams of exchanger (50-100 mesh) in H form was used in a glass 
tube of C.6 cm bore. A known amount of the metal ion was loaded 
on the column =nd eluted a t a flow ra te of 1 ml/minute. I t was 
recycled through the column a t l e a s t three t imes, with a 2-3 ml 
d j s t i l l e d water as a wash between the cyc les . The cons t i tuen t s 
of e f f luents were iden t i f i ed by standard spot t e s t (12) and the 
seo-ra ted samples were analysed quan t i t a t i ve ly by the methods 
used in the d i s t r i b u t i o n s t u d i e s . The r e s u l t s are shown in 
Faole-b. 
: ) 0 
T a b l e - 4 : D i s t r i b u t i o n C o e f f i c i e n t s (mlg~ ) of M e t a l I o n s on 
Z i r c o n i u m ( I V ) s e l e n o p h o s p h a t e ( 5 0 - 1 0 0 mesh) a t 25+2°C. 
i'vie t a 1 K, v a l u e s i n d i f f e r e n t c o n c e n t r a t i o n of 
HCIO^ 
O.OOIM 
HCIO^ 
O.OIM 
HCIO. 
O.IOM 
HCIO. 
Pb2+ 
Zn2+ 
, l 3 . 
>^ u 
i+ 
. 3+ 
4 + 
2+ 
Mg 2+ 
CJa 
3a 
2+ 
2+ 
. 2+ 
o r 
V02+ 
U02-
. / n 
283 
341 
72 
38 
49 
26 
840 
148 
5800 
40 
38 
57 
85 
64 
48 
5250 
100 
42 
28 
28 
76 
22 
21 
5 
7 
370 
115 
3400 
29 
15 
22 
54 
37 
30 
3750 
5"9 
21 
16 
21 
10 
9 
21 
1 
1 
205 
97 
2112 
26 
7 
10 
20 
15 
18 
2750 
51 
13 
2 
[; 
T a b l e - o : S e p a r a t i o n of ->ome Metal Ions (from s y n t h e t i c mix tu res ) 
on Zi rconium(IV)se lenophosphate Columns. 
No. 
1 
J. 
•":. 
3 
^ 
D 
5 
7 
Mixtures 
of b ina ry 
and 
t e r n a r y 
system 
...2+ 
Ki 
Cr^^ 
uo2+ 
,. 2+ 
^ 3+ 
^ r 
4+ 
K i 2 -
Th^* 
l.a2* 
U02^ 
Cu2-
Th^^ 
r. 2+ 
Cu 
I- 3+ FG 
La 3+ 
Th** 
Amount 
l o a d e d 
(^g ) 
2 7 9 , 4 
259o9 
1350 .2 
29-9.9 
2 5 9 . 9 
7 8 8 . 9 
2 7 9 . 4 
7 8 8 . 9 
2 7 9 . 4 
1350c2 
3 6 8 . 5 
7 8 8 . 9 
3 6 8 . 5 
245n7 
708 .4 
7 8 8 . 9 
'A of 
m e t a l 
i o n s 
e l u t e d 
100 
9 8 . 8 
9 6 . 7 
100 
98c6 
97„4 
100 
9 7 . 8 
100 
9 7 . 1 
9 8 . 3 
97c8 
98o5 
9 9 . 2 
9 6 . 2 
9 8 . 2 
Volume of 
e f f l u e n t 
(ml) 
30 
4 0 
60 
40 
40 
60 
30 
60 
30 
6 0 
4 0 
60 
50 
50 
60 
60 
E l u e n t used 
H2O 
0.2M HCIO4 
l.OM HCIO4 
H2O 
0.20M HCIO4 
l.OM HCIO4 
H2O 
loOM HCIO4 
'H2O 
loOM HCIO4 
O.OIM HCIO4 
l.OM HCIO4 
O.OIM HCIO4 
• l.OM HCIO4 
O.OIM HCIO4 
l.OM HCIO4 
( J 
Alloy samples 
Stock s o l u t i o n s of d i f f e r e n t a l l o y s were prepared as 
fo l lows 
Ferromanganese (100 mg) was dissolved in a mixture of 
concentrated hydrochloric acid (5 ml) and nitric acid (1 ml), then 
the solution was^  evaporated almost to dryness, cooled and diluted 
to lOC ml. Stainless steel (100 mg) was dissolved in hot 6.0M 
hydrochloric acid and then iron(ll) was oxidised with 10 drops of 
Concentrated nitric acid. The solution was evaporated to small 
volume, cooled and diluted to 100 ml with water. 
Mn and Ni were e l u t ed with deminera l i z e d water while 
Cr'^" and Fe^^ were e lu ted with 0.20M HCIO4 and l.OM HCl r e s p e c t -
i v e l y . Mn and Ni were e l u t e d with demine ra l i zed water and the 
e f f l u e n t was evapora ted to about 1 ml. This mix ture i s again 
passed with anoliher bed of zirconium( IV) s e l e n o p h o s p h a t e . Mn 
2+ 
was e l u t e d with O.IOM c i t r i c ac id while Ni r e t a i n e d on the 
column and was f i n a l l y e l u t e d wi th 0.50M HNO^. 
2+ 
RESULTS AND DISCUSSION 
I t i s e v i d e n t from the Table-4 t h a t K^ value dec rea se s 
as the c o n c e n t r a t i o n of p e r c h l o r i c ac id i n c r e a s e s , Zirconium(IV) 
2+ 3+ 4+ 
se lenophospha te i s showing a high a f f i n i t y , f o r UO^ , Fe , Th 
i o n s . On the b a s i s of K. v a l u e s , a number of s e p a r a t i o n s of 
b i n a r y and t e r n a r y systems of metal ions are ach ieved on the 
z i rconium(IV) se lenophosphate columno 
Due to i t s high a f f i n i t y for Fe "*" and Cr "^  in p e r c h l o r i c 
a c i d , z i rconium(IV) se lenophosphate has been t r i e d for the a n a l y s i s 
of i r o n - b a s e d a l l o y s . Table-6 g ives the r e s u l t s for the s e p a r a t i o n 
of metal ions from a l l o y . 
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CHAPTEH - IV 
A Si::LhCTIVc TEST FUR THi: MICROGRAM 
DETECTION OF A L I P H A T I C miUES 
7-t 
Chapter - IV 
INTRODUCTION 
Aromatic and a l i p h a t i c amines are d i s t i n g u i s h e d by the 
n a t u r e of carbon atom to which n i t r o g e n atom i s a t t a c h e d . Primary 
a l i p h a t i c and a romat ic amines have been e a s i l y d i s t i n g u i s h e d by 
n i t r o u s ac id t e s t as primary a l i p h a t i c amines r e a c t wi th n i t r o u s 
a c i J wi th the e v o l u a t i o n of n i t r o g e n gas ( l ) o A new s e n s i t i v e and 
s e l e c t i v e method for the d e t e c t i o n of a l i p h a t i c amines has been 
developed by Nabi e t a l . (2) us ing c h l o r i d e form anion exchange 
r e s i n and 2 , 4 - d i n i t r o t o l u e n e . Another method for the d e t e c t i o n of 
a l i o h ^ t i c amines has been desc r ibed by Qureshi e t a l , (3) us ing 
c h l o r i d e form r e s i n bead and d i n i t r o p h e n y l h y d r a z i n e ' (DNPH). An 
immediate green co lour on the r e s i n su r face confirms the presence 
of an amine. Menzie (4) r e p o r t e d t h a t in non-aqueous media 
o-dimethylaminobenzaldehyde g ives i n t e r e s t i n g c o l o u r s with amines 
and h e t e r o c y c l i c , n i t r ogen compounds. A simple a c c u r a t e and 
s e l e c t i v e method for microgram d e t e c t i o n of a l i p h a t i c secondary 
amine i s based on t h e i r r e a c t i o n with CS^ and ammonical copper 
s u l f a t e a t 40 for 30 minutes to y i e l d C u - d i a l k y l d i t h i o c a r b a m a t e . 
The excess copper i s then measured by t i t r a t i o n with e t h y l e n e -
diamine t e t r a a c e t i c ac id (5)<, 
2 , 4 - D i n i t r o s u l f e n y l c h l o r i d e (6) i s sugges ted as a 
r e a g e n t for the d e t e c t i o n of pr imary and secondary a l i p h a t i c , 
arom.^tic and a l i c y c l i c amines. A l i p h a t i c and a romat ic amines 
react with 2,4-dinitrosulfenyl chloride in benzene at room tempe-
rature. Secondary aliphatic amines forms blue-violet soluble 
compound when they react with sodium nitroprusside (7) and certain 
aldehyde (the most suitable is acetaldehyde) in solution rendered 
alkaline with sodium carbonate. The primary and tertiary amines 
Jo not interfere within the test. Quinone dichlorodiimide (8) has 
been used as a selective reagent for the detection of aliphatic 
amines. Tertiary aliohatic and aromatic amines do not react. 
Proton NMR technique has been used by Mozayeni (9) for 
the detection of primary, secondary and tertiary amines. Thin layer 
chromatocraohic technique has also been used for the detection of 
aliiVnatic amines (10-13). 
7u 
EXPERIf^ AENTAL 
r i e a g e n t s 
All reagents were of analytical grade and comparable 
ourity. 
Solutions 
Stock solutions of each amine {0,4'/.) were prepared in 
demineralised water (except tributylamine in alcohol) and further 
diluted as reauired. Whatman No.l filter paper impregnated with 
2-/. diohenylcarbazide prepared in formaldehyde was used as a 
detection media. 
Procedure for the detection of amines 
Transfer one drop of amine solution on a 1x1 cm impreg-
npted filter paoer placed on a white spot plate. A pink-violet 
colour is produced immediately, showing the presence of amine. 
77 
RESULTS 
The recommended quantitative test was applied to a 
number of available aliphatic amines. The following amines gave 
^ oositive test.. The limits of identification of different amines 
i~i given in T?.ble 7. 
Ammonia, methylamine, ethylamine, n-propylamine, n-butyl-
amine, othanolamine, diethanolamine, triethanolamine, benzylamine, 
dimethylamine, dicthylamine, trimethylamine, triethylamine, tri-
butylamine, cyclohexylamine, piperidine and ethylenediamine. 
r.-:.,;u' o. organic compounds containing different 
functionvi croups gave a negative test. They include carbo-
hydrates (glucose, fructose, lactose, maltose, arabinose, xylose, 
starch), acids (acetic, formic tartaric, phthalic, oxalic benzoic, 
.^ nrbaturic, cinrvamic), alcohols (isopropyl, ethyl, methyl, amyl, 
isoamyl), aldehy.ies (formaldehyde, acetaldehyde, benzaldehyde), 
ketonos (acetone, acetoohenone, cyclopentanone, benzophenone), 
hvdrocarbons (benzene, xylene, toluene, bromobenzene), ethers 
( diethylanisol, 1,4-dioxane), amino acids (leucine, lysine, 
glycine, histadine, methionine), amides (acetamide, benzamide, 
formamide), nitriles (acetonitrile, benzonitrile), anilides 
(acetnnilides, benzanilide), phenols (phenol, m-cresol, resorcinol), 
chloroiorm, carbon tetrachloride, 2-mercaptopropionic acid, urea, 
thiourea, pyridine, anilines and aromatic amines. 
Table 7: Limits of identification of amines. 
7.S 
3.V, Amines Amount detected( [ig) 
1 Ammonia 
2 Methylamine 
3 Ethylamine 
4 n-Propylamine 
5 n-Butylamine 
6 Ethanolamine 
7 Diethanolamine 
8 Triethanolamine 
9 Benzylamine 
10 Dimethylamine 
11 Diethylamine 
12 Trimethylamine 
13 Triethylamine 
14 Tributylamine 
15 Cyclohexylamine 
16 Piperidine 
17 Ethylenediamine 
0.29 
0.89 
0.89 
1.14 
0.88 
1.60 
1.29 
0.89 
1.15 
0.89 
1.11 
1.02 
0.86 
0.93 
1.03 
1.34 
1,08 
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Charge on complex 
The charce on complex was determined by addinc two types 
of resins. 
(a) Cation exchange resin 
(b) Anion exchanoe resin 
Th--^  anion exchanoe resin turns pink suggesting a negat-
ively charoed complex. 
Detection of amines in presence of foreign substances 
Detection of amines in oresence of foreign substances 
ivTs studied taking ethylamine, diethylamine and tri'ethylamine as 
a representative of primary, secondary and tertiary amines. The 
limit o: tolerance of the foreign substances is given in Table-8, 
? ana lO). 
T a b l e - 8 : De tec t ion of e thylamine in the presence of fo re ign 
s u b s t a n c e s . 
Fore ign subs tance Amount of f o r e ign Amount of e t h y l 
subs tance added (mg) amine d e t e c t e d (mg) 
Etna no 1 0.23 4 . 0 
Formamicie 0.45 4 . 0 
A c . - t o n i t r i l p 0.156, 4 . 0 
Benzene 0.176 4 . 0 
Dioxane 0.154 4 . 0 
Sucrose 0.40 4 . 0 
8 ij 
i a D l e - 9 : De tec t ion of d ie thy lamine in the presence of fo re ign 
s u b s t a n c e . 
Fore ion subs tance Amount of fo re ign 
subs tance added(mg) 
Amount of d i e thy l 
amine d e t e c t e d (mg) 
Z thano l 
Formami -ie 
A c e t o n i t r i l e 
Benzene 
J ioxane 
o j c r o s e 
0.23 
0.22 
0.156 
0.176 
0.154 
0 .30 
3 .5 
3 .5 
3 .5 
3 .5 
3 .5 
3 .5 
Table 10: De tec t ion of t r i e t h y l a m i n e in the presence of fo re ign 
s u b s t a n c e . 
Fore ign subs tance Amount of f o r e ign 
subs tance added(mg) 
Amount of t r i e t h y l 
amine detected(mg) 
Ethanol 
Formamide 
Acetoni t r i l e 
Benzene 
Dioxane 
Sucrose 
0.78 
0.11 
0.156 
0.88 
0 .103 
0 .10 
3 . 1 
3 . 1 
3 , 1 
3 .1 
3 . 1 
3 . 1 
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DISCUSSION 
Aliph-^tic amines and cyclohexylamine are the bases and 
iney possess ar upshared oair of electron at nitrogen atoms which 
can be donated to electron deficient species resulting the forma-
tion of new addition oroduct. The interaction of dinhenylcarbazide 
and alioh^tic amines can be exolained by the following tentative 
reaction mechanism. 
KHNH 
\ / / 
+ RNH2—r 
O" HNHCNHNH-/ )> RNH2 ^ ^ 
Ammonia, aliohatic amines, benzylamine,cyclohexylamine 
and oioeridine are found to oive positive test with the 
recommended test. Aromatic amines gave negative test. In the 
former case there is no possibility for resonance stabilization 
in aMH^ and hence the unshared pair of electron on nitrooen atom 
0^ ^ aliohatic amine is shared up with the carbonium ion of 
djnhPHvlcarcazile to form a new bond with nitrooen atom of amine. 
8'/ 
The base dissociation constant (Kg) of aliphatic amines 
riPid cyclohexylamine are relatively much higher than the base 
dissociation constant (Kn) (14) of aromatic amines. In the later 
case the unshared electron pair on nitrogen atom and n electrons 
:f the benzene ring are delocalised resulting a stabilised reson-
ance structure. This large energy difference, due to the resonance 
effect will be reflected in a much smaller value of Ko for aroma-
tic amines as compered to aliohatic amines. For example (14) Kn 
0^ ' aniline is 10 less than that of cyclohexylamine. Therefore 
aromatic amines gave a negative test by the recommended test. 
The base dissociation constant of cyclohexylamine is of 
the same maonitude as that of aliphatic amines although it is 
having rino structure. In this case also an unshared electron 
pair of nitrogen forms a bond and hence no delocalization takes 
place. Therefore the test of cyclohexylamine is positive. 
Same theory is applicable for benzylamine because in 
this case -IMH^  is also present in side chain and delocalization 
can take place. 
8;-. 
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CHAPTER - V 
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Chapter - V 
INTRODUCTION 
Feicl (1) has described a number of tests for the 
detection o: carbohydrates, when heated with an alkaline solution 
of triphenyltetrazolium chloride give a reci colour. This test is 
supposed to be an extremely sensitive test because of a large 
number of other substance, such as hydroxyiamine, hydrazine, 
sulfites, tartaric and citric acid do not interfere much in this 
test. Filatova et al. (2) have described a method for the detec-
tion of carbohydrates. The method was based on the reaction of 
rinthrone with carbohydrates in concentrated sulfuric acid to form 
coloured furfural comoounds. The use of this method eliminates 
the hydrolysis of carbohydrates and detection of pentose, Qureshi 
and Anwar (3) have given a selective test for the detection of 
•ructose and sucrose, based on the reaction with l-chloro-2,4-
dinitrobenzene i!n the presence of cation exchange resin in H 
form. Glucose, lactose, xylose, rhamnose and arabinose gave 
negative tost. Qureshi et al. (4) have described a solid state 
method for the detection of glucose, lactose, galactose, xylose, 
rhamnose, sucrose, trehalose, fructose and starch by applying 
severals tests. Glucose can be distinguished from other carbo-
nydrates using anthrone test in the solid state. A new spot test 
for the detection of carbohydrates and vitamin C when present 
individually or together has been described by Hashmi et al. (5). 
Chloranric acid was used for quantitative determination of 
an 
vitnmin C, The standardized spectrophotometric conditions for the 
thymole-ferric chloride-hydrochloric acid reagent has been develo-
ped by Patil et al, (6), for the determination of total carbohyd-
rate on a microgram^ (1-14 |ig) scale. The convenience of the pro-
cedure and the stability of the reagent offers advantage over the 
other procedures. A snectrophotometric method for estimating 
carbohydrate content of acid hydrolyzed glycoproteins is described 
by Krystal (7). The method is based on alkaline ferricyanide 
reaction with carbohydrate. It is accurate within 1-25 nmole 
range.. 
The kinetics of the chloramin-T oxidation with xylose, 
arabinose, mannose and galactose in highly alkaline medium has 
been described by Mushran and Agrawal (8). The oxidation rate 
follows the order xylose > arabinose > galactose > mannose. 
Carbohydrates have been separated as their borate complexes on an 
anion exchanoe ctolumn at 55°C by using concentration gradient, 
elutiop with a mixture of borate, sodium chloride and sodium 
bicarbonate. The carbohydrates in the effluent are detected by 
sulfuric 'Tcid-orcincl method,(9). Palmer (10) has described a 
simnle, raoid and versatile method for the separation and deter-
mination of carbohydrates via high performance liquid chromato-
graphy. As little as 20 i^g of an individual carbohydrates can be 
detected by this method. Takemoto et al. (11) have described a 
method for quantitation of picomole amount of neutral and amino 
ho 
sugars in glycoconjugates. Glycoconjugates are hydrolyzed with a 
mixture of equal amount of 4M trifluoroacetic acid and 4M hydro-
chloric acid and the free amino groups are coupled with 2-amino-
oyridine. After the excess reagents have been remoyed by high 
performance gel chromatography. The fluorescent oyridylamino 
dprivativps of suoars are separated and Quantified by reverse 
ohase FiPLC. Bonn (12) has described the high performance liquid 
chromatooraohic separation of oligosaccharides, monosaccharides, 
sucar decradation products and alcohols by using a series connec-
ted system of different ion exchange columns with water as the 
e iuent n 
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EXPERIMENTAL 
Apparatus 
Bausch and Lomb spectronic -20 (U.S.A.) and Pye Unicam 
PU 8800 (England) spectrophotometers were used for spectrophoto-
met r i c a n a l y s i s . 
H.ea c e n t s 
All chemicals used were of analytical grade. 
Test solution 
C.OIM Solutions of each carbohydrate like glucose, 
fructose, rhamnose, lactose, galactose, maltose, xylose, mannose, 
arabinose and sucrose were prepared in demineralized water. 
Reaoents 
(a) O.OIM l-chloro-2,4-dinitrobenzene solution was prepared in 
pure dimethyl sulphoxide as a stock solution. From this 
stock solution a O.OOIM solution of l-chloro-2,4-dinitro-
benzene was prepared in water-dimethyl sulphoxide mixture 
in the ratio 80:20, This solution was used throughout the 
exoerimental procedure in the detection and determination of 
carbohydrates. 
n (~ 
(b) A l.OM solution of sodium carbonate was prepared in deminera-
lized water. 
Procedure for the detection of carbohydrates 
Place a few drops of carbohydrate solution on a white 
soot pl^te. Add a few drops of l-chloro-2,4-dinitrobenzene and 
sodium carbonate. Heat the mixture, an orange yellow colour is 
obtained in the presence of carbohydrates. 
Procedure for the determination of carbohydrates 
To the different carbohydrate solutions, containing 
milligram amounts of carbohydrates (which follow Beer's law) add 
C.l ml of l-chloro-2,4-dinitrobenzene and 0.1 ml sodium carbonate 
in a standard volumetric flask (10 ml capacity). Make up the 
contents of the 'flask with demineralized water and transfer them 
to the boilino tubes. Heat on a water bath for 20-25 minutes to 
develop a yellow colour. Now allov^ ' to stand the mixture contents 
at room temperature for 30-40 minutes. Transfer the yellow 
coloured solution into flask (10 ml capacity) and make up the 
volume. Measure the absorbance of each of the carbohydrate solu-
tion aoainst a blank (prepared under the same conditions but with-
out carbohydrates) at a maximum absorbance wave length 350 nm. 
8C 
RESULTS 
The recommended procedure for the detection of available 
carbohydrates gives a positive response for the carbohydrates such 
as clucose, fructose, rhamnose, lactose, galactose, maltose, 
xylose, mannose and arabinose. Sucrose gave a negative test. The 
limits of identification of different carbohydrates have been 
:,rGSpnted in Tible 11. 
Tflblo-11: Limits o* identification of carbohydrates. 
Carbohydrates Molar Volume Amount 
detected 
(^ g) 
Glucose IxlO" 0.05 9.00 
Fructose IxlO"^ 0.04 7.20 
.ihamnose IxlO"^ 0.04 7„28 
Lactose IxlO"^ 0«05 17.12 
Galactose IxlO""^  0.04 7,20 
Maltose IxlO"^ 0.03 10.27 
Xylose IxlO"^ 0.04 6.00 
Mannose IxlO"^ 0.05 6.00 
Arabinose IxlO"^ 0.04 9.00 
n (; 
The followino organic compounds gave a negative test. 
Hydrocarbons and their derivatives; Benzene, toluene, chloroform, 
nitrobenr.ene. 
Amines; Triethanolamine, triethylamine, trimethylamine, ethyl-
amine, diethylamine, benzylamine and diphenylamine. 
Ethers: Anisol, 1-4 dioxane, ether. 
Alcohols: Methylalcohol, ethylalcohol, amylalcohol, butylalcoholo 
Acids: Acetic acid, benzoic acid, phthalic acid, ascorbic acid, 
barbituric acid, cinnamic acid. 
Amino acids: Aspartic acid, leucine, lysine, glycine and hista-
dine. 
Aldehydes: 4-Dimethylaminobe.nzaldehyde anisic aldehyde, 4-diethyl 
aminobenzaldehyde, formaldehyde and acetaldehyde. 
N'itriles: Benzonitrile, acetonitrile. 
Amides: Acetamide, formamide, benzamide. 
Phenols: phenol, 0-cresol, m-cresol, orcinol. 
ketones: Benzonhenone 
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Certain organic compounds under given conditions give 
-heir characteristic colours which are shown in the Table 12, 
Table-12: Formation of characteristic colours with organic 
com.pounds. 
Comoounds Colour 
.iesorcinol Yellow 
Diphenylcarbazide Red 
Acetophenone Pinkish 
a-Maphthol Light green 
Thiourea Light yellow 
Pyrocalechol Dirty yellow 
Pyrogallol Chocolate 
Pyridine Pinkish violet 
Butane-2-one' Pinkish 
i\, K'-Die thylformamide Light yellow 
Acetone Pinkish 
p-naphthol Light green 
Methyl n-propyl ketone Pinkish 
Piperidine Green yellow 
2-Merc-"-^ toproDionic acid Red 
m-Chloroaniline Greenish blue 
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Absorption soectrum 
The absorption spectrum of solutions containing some 
milligram of carbohydrates were studied against a blank. The 
maximum absorbance was obtained at 350 nm for each carbohydrate. 
The absorption spectrum of glucose is shown in Figure-1. 
Optimum conditions 
The' optimum conditions for the formation of yellow 
colour was studied and maintained throughout the studies. 
The time versus absorbance studies showed Figure-2 
that the yellow colour is stable for the period of half an hour. 
Therefore it is recommended that absorbance of the solution should 
be measured within this period. 
The ef^ fect of reagent concentration was studied by add-
ino different volumes of l-chloro-2,4-dinitrobenzene and it was 
found that 0.1 ml of reagent was most suitable volume for deter-
mination studies as shown in Figure-3 Similar effect of volume 
variation of sodium carbonate suggested that the optimum volume 
for the soectrophotometric studies should be 0.1 ml as shown in 
Fioure-4. 
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Confirmatory with Beer's law 
The absorbance measurement of yellow colour was made at 
350 nm fr-r e-^c^ carbohvdrnte. The calibration curve of glucose 
'^'^s been s'-'o'vV'^  : i^  Fig,-5 and the range of each carbohydrate within 
.vnich Beer'3 l^ w is obeyed is oiven in T^ble 13. 
T^ble-lS: Confirm-^tory with Beer's law of carbohydrates. 
CarbohyJrptes Concentration 
range (mg) '^ max 
Glucose 2.70-9.00 350 
Pnjctose 2.70-9.00 350 
rihamnose 2.73-9.10 350 
Lactose 1.71-10.26 350 
C-l^ctose 2.70-9<,00 350 
v'-Utose 3.42-10.26 350 
Xviose 2.25-7.50 350 
'^nnose 2.70-9.00 350 
Arabinose 2.25-6.00 350 
Study of precision 
To test the reproducibility of the method, ten repli-
cate determinations of each carbohydrate were carried out contain-
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inc some milligrams of carbohydrates. The standard deviation and 
the confidence intervals of 95-/. from the mean value lie within the 
ranges are tabulated in T^ble 14 for each carbohydrate. 
Table-14: Study of precision of carbohydrates. 
:=!rbohydrate Amount taken Standard 9b'/. 
for each deviation Confidence 
carbohydrate interval (mg) 
solution(mg) 
Glucose 3.60 0.081 3.565-3.688 
Fructose 3.60 0.075 3.494-3.606 
.Hhamnose 3.64 0.091 3,587-3.725 
Lactose 3.42 0.083 3.318-3.444 
Calactose 3.60 0.078 3.559-3.677 
/.laltose 3.42 0.090 3.342-3.470 
Xylose 3.00 0.056 3.975-3.059 
Mannose 3.60 0.066 3.540-3.640 
Arabinose 3.00 0.057 2.982-3.069 
Study 0 1 charge on complex 
The charge on the complex was determined by adding two 
tvoFS of resins, 
(a) Anion exch^noe resin 
(b) Cation exchange resin 
* IC' G 
The anion exchange resin showed the adsorption of colour 
or; its beads. Thus the complex formed was anionic in nature. 
Interaction of carbohydrates with transition metal ions 
2+ 2+ 3+ 2+ 
The transition metal ions such as Co , Ni , Fe , Cu 
2+ 
and Cr etc. were found to interfere with detection and determi-
nption of c-'^ rbohydra tes . 
Determination of carbohydrate in presence of foreign substances 
Carbohydrates were tested in presence of other functional 
aro'JDS and their limits of tolerance was calculated and presented 
ir. the T->ble-15. 
.'nnle-lO: Limi's of tolerance of foreign substances in the 
determination of carbohydrates. 
Foreian substance 
Ace taldehyde 
Acetone 
Oxalic acid 
\, 1\' -ijiethylformamide 
Lysine 
Thiourea 
3-Kaphthol 
Maximum amount 
of the foreign 
substances added 
(mg) 
Amount of 
glucose (mg) 
0,22 
50.00 
2.52 
7.30 
3.65 
3.80 
1.44 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
< • 1 1 
DISCUSSION 
The t e n t a t i v e r e a c t i o n mechanism of the recommended t e s t 
for the d e t e c t i o n and de t e rmina t ion of ca rbohydra t e s can be d e s c r i -
bpd in two d i f f e r e n t ways; 
Nuc leoph i l i c r eagen t s can d i s p l a c e c h l o r i d e ion ( a l t hough 
i t i s i n e r t to these r eagen t s ) from l - c h l o r o - 2 , 4 - d i n i t r o b e n z e n e 
oecause the n i t r o croup ( s t r o n g e l e c t r o n a t t r a c t i n g ) attached to 
the benzene r i n c f u l f i l s the r e q u i r e d c o n d i t i o n s of being a t para 
c r o r tho or both to the ha l i de c roup . Such a c t i v a t i o n in f luence 
of two n i t r o groups a t t a i n s a very high value t h a t i s to a f a c t o r 
o 
of a t l e a s t 10 ( 1 3 ) , In sodium c a r b o n a t e , ca rbona te ion i n t e r a c t s 
v.'ith water to form a conjugate a c i d - b a s e p a i r . The OH ion so 
oroduced has a n u c l e o p h i l i c a t t a c k on the carbon of h a l i d e group 
and thus causes i t s e l i m i n a t i o n ( 1 4 ) , 
V - - V 
:i c:-
The phenol ic group of 2 , 4 - d i n i t r o p h e n o l so produced 
unds-rooes an i n t r a m o l e c u l a r d i p o l e - d i p o l e i n t e r a c t i o n with n i t r o 
oroup a t o r tho p o s i t i o n . This produces p o l a r i z e d H-0 and N-0 
bonds . 
!['>: 
/"--oG-
N-O. 
The- carbon chain of carbohydrate is associated with 
pol-r Oh' orouD which forms hydrogen bonding with the above 
Compound (1). 
As BD alternate method the mechanism can also be 
oroDosed in the light of Meisenheimer complexes. In 80:20, v/v 
water-dimethylsulohoxide mixture, base(carbonate ion) addition 
.--^t the different positions of ring-carbon atoms of l-chloro-2,4-
di f^itrobenzene may be expected as follows: 
{•' 
r 
NC 
NO. 
V 
-^ H 
ir.t 
3 NO, 
-V 
'2 '^ 2^ ^^"' 
The ^bovG repction is expected to be a parallel case of 
thp reaction between sulphite ion (base) and l-chloro-2,4-
dinitrobenzene in 80:20, v/v water-dimethylsulnhoxide mixture (15). 
The c^rbonnte grouo of a-adduct soecies (II) interacts 
witl- OH grouos of carbohydrate chain forminc a weak hydrogen 
oondinr. 
•H. mr 
^0-CO )==\ 
The seouence of the above two reaction is confirmed by 
soectroscooic studies. The \ ^^^ for l-chloro-2,4-dinitroben2ene 
max 
104 
ch is found to be 250.9 nm is sliohtly shifted towards hiqher 
avelength ( \^^^= 266 nm) when carbonate ions are added to it 
under the same conditions of the recommended procedure. Further 
shifting of \ ^^^ from 266 to 271.2 nm is observed (see Table 16). 
This small shifting in X^g^ may be attributed due to the forma-
tion of weak hydrogen bonding. This results in electron localiza-
tion wi'.^  a decrease in energy level to stabilize the reaction with 
small degree of magnitude. The quantitative studies have been 
carried out with Bausch and Lomb spectronic-20 (U.S.A.) spectro-
ohotometer. The complex is found to give A at 350 nm and 
roa X 
Beer's law holds good at monochromatic radiations. 
Table-16: values of different possible species formed by 
the Combination of any three/two individual species. 
i)00cies A„, (nm) 
max 
l-Chloro-2,4-dinitrobenzene 250.9 
l-chloro-2,4-dinitrobenze and 266,0 
Sodium carbonate 
l-chloro-2,4-dinitrobenzene, 271,2 
Sodium carbonate and carbo-
hydrate 
i . -n 
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Detection and spectrophotometric determination of mono- and 
disaccharides 
SAIDUL ZAFAR QURESHi A simple and accurate test for microgram de-
SYED TAUFEEQ AHMAD tection and milligram spectropiiotometric deter-
Department of Chemistry mination of mono- and disacciiarides is des-
Aligarh Muslim University, cribed. Tiie method is based on their interaction 
Aligarh, India with l-chloro-2,4-dinitrobenzene and sodium 
carbonate in dimethyl-sulphoxide-water system. 
An orange yellow colour is produced. The expe-
rimental results are found to be Vv'ithin stati-
Received November 4, 1986 stical errors. 
Feigl has described a number of tests for the detection of reducing sugars 
(2) and after Filatova et al. (3) carbohydrates have been detected as coloured 
furfural compounds. A selective test for the detection of fructose and sucrose 
is based on their interaction with l-chloro-2,4-dinitrobenzene using a cation 
exchange resin in H* form (8). Glucose, lactose, galactose, xylose, rhamnose, 
sucrose, trehalose, fructose and starch have been detected by the solid state 
test (9). A new spot test for the detection of carbohydrates and vi tamin C 
present individually or together has been described (4). A colorimetric method 
for the determinat ion of neutral and acidic carbohydrates on a microgram 
scale has been described using thymol-FeCIs—HCl as colorimetric reagent (7). 
A spectrophotometric method for estimating the carbohydrate contents of 
acid hydrolyzed glycoprotein is described by Krystal (5). 
EXPERIMENTAL 
Equipments and reagents 
Bausch and Lomb spectronic-20 (USA) and Pye Unicam PU 8800 (England) 
spectrophotometers equipped with 1 cm glass tubes were used for absorbance 
measurements . 
All reagents were of analytical grade or comparable purity. 
Solutions 
Aqueous solutions of O.OIM carbohydrate and IM NaaCOs were prepared. 
A O.OOIM l-chloro-2,4-dinitrobenzene (abbreviated as CDB) was prepared by 
dissolving 0,17 g of CDB in a minimum volume of diraethylsulphoxide and 
then made up to the mark by a mixture of H2O-DMSO (80 : 20, v/v). 
Procedure for the detection of carbohydrate 
Transfer one drop of carbohydrate solution on a white spot plate followed 
by a drop of CDB and sodium carbonate. Heating the mixture an orange 
yellow colour is obtained in the presence of carbohydrates. 
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Procedure for the determination of carbohydrate 
To different carbohydrate solutions add 0.1 ml of C D 3 and 0.1 ml of 
sodium carbonate in a 10 ml volumetric flask. Make up the volume with 
deminernlized water. Transfer the mixture to a boiling tube and heat on a 
water bath for 20—25 minutes. A j ' d l o w colour is developed \vhich is allowed 
to stand for cooling at room temperature . Measure the absorbance of yellow 
coloured solutions against a reagent blank at X„,.^  350 nm. 
RESULTS 
The recommended qualitative test was applied to a number of available 
carbohydrates. The following gave a positive test: 
Glucose, fructose, rhamnose, lactose, galactose, maltose, xylose, mannose, 
arabinose. Only sucrose gave a negative test. The limits of identification of 
different carbohydrates are given in Table I. 
Table I. Limits of identification of carbohydrates 
^ ° ^ ^ ' ' Volume taken Amount 
Carbohydrates concentration voiume laKen detected 
(mol/L) ^™ '^ (ug) 
Glucose 
Fructose 
Rhamnose 
Lactose 
Galactose 
Maltose 
Xylose 
Mannose 
Arabinose 
1 X 10 '^ 
1 X 10 '^ 
1 X 10 '* 
1 X 10 •' 
1 X 10 •' 
1 X 10 •' 
1 X 10 ' 
1 X 10 •' 
1 X 10-•' 
0.05 
0.04 
0.04 
0.05 
0.04 
0.03 
0.04 
0.05 
0.04 
9.0 
7.20 
7.28 
17.12 
7.20 
10.27 
6.00 
6.00 
9.00 
A number of organic compounds containing different functional groups 
were tried and found not to interfere within the test. They include benzene, 
toluene, chloroform, diethylamine, anisol, dioxane, ether, methylalcohol, e thyl-
alcohol, amylalcohol, butylalcohol, acetic acid, benzoic acid, phthalic acid, 
ascorbic acid, barbituric acid, cinnemic acid, aspartic acid, leucine, lysine, 
glycine, histidine, 4-diethylaminobenzaldehyde, anisic aldehyde, formaldehyde, 
acetaldehyde. acetamide, formamide, benzamide, phenol, o-cresol, m-cresol, 
orcinol, benzophenone. 
Under the given conditions certain organic compounds gave the characte-
ristic colours, which are indicated in parantheses. Resorcinol (yellow), diphe-
nylcarbazide (red), acetophenone (pinkish), a-naphthol (light green), thiourea 
(light yellow), pyrogallol (chocolate), pyrocatechol (dirty yellow), pyridine 
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(pinkish), butane-2-one (pink), 6-naphthol (light green), methyl-n-propyl 
ketone (pink), piperidine (greenish yellow), 2-mercaptopropionirj acid (red), 
m-chloroaniline (greenish blue). 
Determination oj carbohydrates 
Absorbance measurements of yellow coloured solutions were made at 
350 nm. The concentration range of different carbohydrates confirmatory of 
Beer's law is given in Table II. 
Table II. Caliberation and concentrate ranges of different carbohydrates 
Carbohydra tes 
Glucose 
Fructose 
Rhaniose 
Ijactose 
Galactose 
Maltose 
Xylose 
Mannose 
Arabinose 
Concentra t ion 
range 
(mg/10 ml) 
2.70—91.00 
2.70— 9.00 
2.73— 9.10 
1.71—10.26 
2.70— 9.00 
3.42—10.26 
2.25— 7.50 
2.70— 9.00 
2.25— 6.00 
Rela t ive 
s t anda rd 
deviat ion 
2.25 
2.08 
2.50 
2.43 
2.17 
2.63 
1.87 
1.83 
1.90 
Carbohydrates were determined in the presence of foreign substances. 
Tolerance limits of these substances in milligram containing 3.6 mg glucose 
are given in parentheses. Acetone (50), oxalic acid (2.52), iV,JV-diethylforma-
mide (7.3), lysine (3.65), thiourea (3.8), fi-naphthol (1.44). 
DISCUSSION 
The tentative reaction mechanism of the recommended test for the 
detection and determination of carbohydrates can be described in two dif-
ferent ways: 
1. Nucleophilic base can displace chloride ion from l-chloro-2,4-dinitrobenzene 
due to presence of two (strong electron withdrawing) nitro groups, which 
activate the ortho and para positions relative to them. Such activation, 
influenced by the two nitro groups, attains a very high value, up to a 
factor of at least 10" (10). The OH ion produced from NajCOj has a nucleo-
philic attack on the carbon of the halide group and thus causes its eli-
mination (6). 
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The carbonate group of sigma adduct species {11) interacts wi th the OH 
group of carbohydrate chain forming a weak hydrogen bond. 
„-LoH 0-"--° 
The sequence of the above two reactions is tentat ively supported by 
spectroscopic studies. The >»niax for CDB is 250.9 nm. This is slightly shifted 
towards higher wave lengths (^rn^ix 266 nm). On addition of carbonate ions, 
when carbohydrate is added to this mixture, a further shifting of >>.n,ax from 
266.0 to 271.2 nm has been observed. This small shifting in X^^^ may be 
at t r ibuted to the formation of a weak hydrogen bond. This is due to electron 
localization causing a decrease in energy level and hence stabilizing the 
reaction products. 
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SAZETAK 
Detekcija i spektrofotometrijsko odredivanje mono- i disaharida 
SAIDUL ZAFAR QURESHI I SYED TAUFEEQ AHMAD 
Opisana je metoda za spektrofotometrijsko odredivanje mono- i disaha-
rida, a temelji se na reakciji sa l-kloro-2,4-dinitrobenze.nom i natri jevim 
karbonatom u sistemu dimetil sulfoksid-voda. 
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